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Poreword

This report describes further work on the Corrosion of
Aluninium Alloys H,10 end H,15 carried out by the Fulmer Research
Institutc under an extra-mural contract for the Ministry of

Supply.

Th: following reports on this investigation have already been
issued: -

¥R(D) Report 7/51 - "Investigation of the Corrosion
Resistance of A.W.10 and A W,15."
Lth Report - October, 1950,

WR(D) Report 14/51= "Investigation of the Corrosion
Resistance of A, W.10 and A4,W.15",
November, 1951,

¥R (D) Report 7/52 = "Investigation of the Corrosion
Resistance of A.W,10 and A,W,15 -
Report on Laboratory Work,"
dugust, 1952,

WR (D) Report 7/53 - "The influence of Extrusion Direction
on Corrosion and Stress Corrosion
Behaviour of H,E.15 W,P. Aluminium -
Copper - Magnesium Alloy,"
July, 1953.

L. J. BRICE
for Director of Weapon Research (Defence)

Room 854 Shell Mex House,

Gerrard 6933, Ext., 8,
December, 1953,

K., 172844
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FULMER RESEARCH INSTITUTE LIMITED

R.22/9/November 1953,

| INVESTIGATION OF THE CORROSION RESISTANCE OF
_ He10 (Al/0+7% Mg/1.0% Si) AND H.15 (AL/L% Cu/0.17 Mp)
i ALUMINIUM ALIOYS.

% REVIEW OF FROGRESS 1953.

by
Winifred A. Bell, B.A.
and

i 4 E.A.G. Liddiar'd, I‘A.Ao ,F.I.:NIQ

l. INTRODUCTION.

The work described in this report is a
continuation of the work described in R.22/5/November 1951,
(Field Tests), R.22/6/July 1952, (Laboratory Tests),
end R.22/7/August 1952, and R.22/8/June 1953 (Stress
- Corrosion Tests), and covers the work from the time these
S reports were written. During this period the investigation
has heen extended tv study the effect of welding on
- the corrosion of H.10 and H.15, to study the prevention
of sgtress corrosion on HS.1l5 by painting, and to determine
a safe level of stress below which stress corrosgion will
not occur in H.1l5 sheet and extrusions when stressed
transverse to the extrusion direction.

The main part of the invegtigation has, however,
been a continuation of work which had already been in
progregss and the greater part of this work has now been
completed, with the exception of long term field tests
of the original HE.10 and HE.1l5 channel sections,
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and HE.10 containing eight different amounts of copper. E

This work has beon carried out at the Fulmer
Regearch Institute under the sponsorship of the
Ministry of Supply.

2. MATERIAL USED,

The original materials used for this investigation
were channel section extrusions made from normal batches
of H.10 end H.1l5 billets. The extruded sectiong were
11" x 1" x 1" channel with a thickness of O.1%, They
were made by the normal production methods. The Ii,10
was die quenched and the HE.15 wasg quenched after solution
heat treatment. The channels were then stretched to
gtraighten, the amount of gtretching being of the order of
3¢ although it may have varied between 1% and 8%.

Lengths were cut as required and were given the appropriate
ageing treatment.

Chemical analyses of the extrusions wesre as follows: -

HE.10 - Cu 0.04% (max) Mg 0.68%
Si  0.98% Fe 0.275
Hn  0.04%
HE.15 =~ Cu 3.81% si 0.95% Fe 0.25%
Mn  0.54% Hg  0.74% L 0.02¢
The speclfications covering these alloys are as follows:-
HE.10 BS.STA 7/AW.10; BS.1476, HE.1OWP.
HE, 15 BS.8TA 7/AW.15; BS.1476, HE.15WP and DTD.36LA.

The ageing temperatures used for the field tests
and laboratory tests, unless otherwise stated, were 8 hours
at 1759C. for HE.1l0, and 8 hours at 1709C. for HE.15. This
material has been used for the long term field tests,
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and for the laboratory teets in effect of relative humidity

and the simulation of out-door exposure tests.

Specimens

of HE.1l5 were used in the part of the work investigating
the effect of removal of corrosion product.

In addition to the above material some similar
extruslions were made from separate melts of HE,10 containing

various amounts of copper.
uged for a section of the investigation and the full

detalls of the chemical composition will be gliven later
as appropriate.

experiments was supplied by M.E.X.H.

These alloys have only been

In order to determine the effect of manganese

on the stress cerrosion properties of H.15, tests have

also been made on sheet and extruded material made from

cast billets of H.1l5, one containing low manganese content
0.087 and the other a normal manganese content 0.76% Mn.

The full detalls of fabrication and chemical composition

are glven in Appendix I, and are referred to in the appropriate
section of the report.

The H,10 and

H,15 material used for the welding

analysis of the two materials ls as follows:-

H.10 Plate. Fe

Weld. Fe

H.15 Plate. Fe

Weld. Fe

3. I'IELD TESTS.

33
.28

45
«39

Si
Si

31
si

1.14 Mg
1.70 Mg

72 Mg
1.70 Mg

Spectrographic

45 Cu & Mn O4
«29 Cu & Mn< 04

0L|-6 Mn .7“ Cu u

«33 Mn .65 Cu 4.

3o1. Long Term Bxposure Field Tests on HE,15
and HE.10 Alloys.

(a) General.

The results of the first series of tests concerning
exposure in fleld tests for up to 2 yeara failed to give

a complete picture of the rate of corrosion dsmage on

HE.10 and HE.15 alloys (R.22/5).

It was decided to expose
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specimens from the original batch of materisl at the most
severe sltes and examine them after 1, 2, 4 and & years'
exposure. The results of these repeat tests after one

and two years' exposure have now been obtained. The sites

" chogen were ag follows: -~

Site I. Sheffield - Brown Firth, Severe
Princess Street. industrial.
B.I.S.R,A. exposure glte.
Site II. Roof of B.N.F.M.R.A, Normal
Euston Street, London, industrial,
Site III. Hayling Island. Marine
atmosphere.
Site V. Hayling Island. Totsl immersion.
(sea water)
8ite VII. Christchurch. Total immersion.
HeEeX.E, (fresh water)

Stressed and unstressed specimens were exposed
as previously. The stresses used were the maximum design

stress (5.1 T/in2 for HE.10 and 16 T/in2 for HE.15) and 0.1%

proof stress (15 T/in2 for HE.10 and 24 T/in2 for HE.15).

The method of stressing was by four point bending in a special

frame go that the middle 7" of the specimens was at
uniformly constant strain. The stresses in the specimeng
would, of course, tend to decresge during the tests as

a result of creep and decrease in effective thickness

of the specimens by corrosion.

Pieces of channel extrusion were bolted to the
frames and one was removed along with three of specimens
at each stress after 1 and 2 years' exposure.

(b) Results and Diccussion,

The specimens were examined and testod as those
previously reported in R.22/5. The results of micro-
examination are given in Tables 1 and 2, and they are very
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gimilar to those of the previous series. The results of
the tensgile test are given in Tables 3.A. to 3.K. along
with those of the first series. It will be seen that

the results of the two series of tests are almost identical
except for those exposed at Site V. (total immersion,
gea-water) where the difference in U...S. between the new
geries and old series of both the IE.10 and HE.1l5 is over
1l ton/in2, This is due to the localised attack which
develops on both alloys after exposure at this site.

At all the other sites the difference in U.I.S. is less
than 1 ton/in2,

IProm these tests it 1s clear that the origiral
finding that stress had a negligible effect on corrosion
damage as judged by the residual strength of thLe corroded
specimens has been confirmed.

Fig.l shows the original experimental and theoretical
curves, suggested by Champion, of the two sorieg of tegts
for HE.1l5 and HE.1O specimensg exposed at Sheffield, and
HE.15 at Hayling Island, taken from R.22/5. The experimental
curve of this series of tests has been added, and it will
be seen how very closely it follows the other two in each
case.

The regults of contrnl specimeng are given in
Table !} along with those of the previous series. Due to
a shortage of material only three control test pieces
were tested.

The general conclusiong of the tesis are all the
same as those of the previous tests as given in R.22/5.
These are that -

1. Sheffield atmosphere caused the greatest
deterioration in properties of both HE.1l0 and HE,.15.

2. The average percentage loss in strength 1s
approximately the same for both alloys, although
the average loss in tengile strength is greater
for HE.15 than for HE.1l0. The maximum corrosion is,
however, fouad in isolated specimens of HE,1l5
ghowing foliation attack on a macro scale.

S ,{r :
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2 The regults of total immersion tests show
localiged attack, The results of those at Christchurch
show more goatter dvue to highly localised attack.

The second series of tests also confirm the
original results in that scevere macro follatien
attack starts onn some specimens of HE.1l5 alloy after at
leagt 1 year's exposure. Intercrystalline corrosion of
the longitudinal type starts first and 1s followed by
foliation of the surface layers. The attack was most seriocus
at Sheffield. This type of attack 1s localised, and not
necesggarily located in that part of the specimens forming
the gauge length of the tensglle test piece. As in the previous
tests one specimen exposcd at Sheffield had an exceptionally
low U.T.S. which wag associated with this folietion attack.
FPig,2 is a photograph of this specimen showing the flaking
of the surface layers. Due to this type of attack, it
is not congiderecd that the exponential type of curve
gsuggested by Champion, and referrcd to in Fig.l, can be

directly spplied to the design of atructures in thls alloy exposed

to atmoupheric corrosion.

The remaining specimens will be removed after
a total of exposure time of four and eight years.

3.2, Effect of Copper content on the corrogion
registance of H310.

(a) @enersl.

Elght melts of HE.1l0 were made with copper
contents ranging from 0-0.5¢% copper. Each melt was made
into a billet and cut in half for extrusion purposes.
One half of each was pre-heated for 191 hours at 470°C.
and then extruded from a press pre~heated to 4200C, and
the extrusions were press gquenched in water at 270C,
About 9" of the front end of each channel gection extrusion
was removed. Due to the jets of quenching waeter being
gsome distance from the dle orifice, the last few feet
of the extrusions never recoched the main supply of quenching
water and the last five feet of each extrusion were rejected.
The chemical composition of each melt is given in Appendix II.
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Specinens 6" long were ocut from each channel
and aged for 8 hours at 1750C. after which they were
subjected to laboratory tests and field exposure tests.
The results of the 3% NaCl spray laboratory test have
already been reported in R.22/6.

Unstressed channel sections were exposed at Sheffield,
gevere industrial Site I, and Hayling Island, severe
marine atmosphere, Site III. One channel of each
composition has been removed after 6, 12 and 24 months'
exposure. Remaining specimens will be removed after a total
of four years.,

(v) Results and Digcussion.

Table 5 shows the results of tenslile tests made
on the corroded specimens and also on control specimens.
The scatter of results is very considerable and, unlike
the previous results on specimens exposed to 375 NaCl spray
for a year in the laboratory, there is no clear indication
of an effect of copper contents up to 0.47% in increasing
corrosion sgusceptibility. A clearer indication may be
found from the results of the 4 year exposure tests.
However, ag the copper content incressed, there was an
increased longitudinal tendency end the five alloys containing
more than 0.25% copper showed a definite longitudinal
micro-follation type of attack when exposed at Hayling
Igland, although not at Sheffield. The results of microscopic
examination are given in Tables 6 and 7.

Micro-examination of control specincns etched in
Kellers etch showed that there was no difference in the
gtructure of those alloys containing 0.088% copper or less.
However, a slight banded structure was evident in that
alloy containing 0.16% copper, which became more pronounced
with increasing copper. This, of course, accounts for
the difference in the type of corrosion attack, the longitudinal
attack being associated with the banded structure of
the higher copper content alloys.
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It is well known from work at the B.N.F.M.R.A.

on aluminium and its elloys exposed to domestic water supplies
that copper in solution can be at least as damaging
ag copper in the alloy, end the difference between the
results of the atmosphere and laboratory tests may be due
to wind-and rain-borne heavy metal contamination either
from outslide sources or from adjacent specimens. The
effects of the banded structure in the higher copper alloys
might also tend to reduce attack in the first 18 montha
of test, although this effect would operate in laboratory,
as well as field tests. The fact that a longitudinal
tendency in form of attack is beginning on some of the
higher copper samples suggestis that damaging follation

attack might take place on longer term exposure.

33+ TField Exposure Tesgts on low manganese and
norael mangansese H.15 Sheet and ILxtrugions.

(a) General.

The two casts of dural type alloy containing 0.75%
manganese (normal manganese) and 0.08% manganese (low
manganese) were cut in half. One portion was extruded
to 2 diameter bars and the other forged into slabs
which were rolled to sheet. Details of composition, extrusions,
forging and rolling, are given in Appendix I. Specimens
12" x 4" x O0.,1" were exposed in frames similar to those
used for the other exposure teets at Site I (Shefrfield),
and stressed by constant strain, The sheet specimens were
nominally stressed at the maximum design stress - 16 tons/in2,
and the 0.1% proof stress - 24 tons/inZ, The extruded
specimens were only stressed at the 0.1% proof stress.
Unstressed specimens of both sheet and extrusions were
exposed at the seme time.

(b) Results and Discussion,

Duplicate specimens of each alloy have been removed,
examined end tested after 3, 6 and 12 months' exposure.
The tensile test results are given in Table 8, along
with those of control specimens, and the micro-examination
results in Table 9. Due to the difference in initial

-8 ) s g
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tenslile properties of the two materiasls, a direct comparison
of the regults is not justifised. However, it can be geen
thet there is s much greater logs in strength of the

sheet specimens than of the extruded specimens and that

the low manganese sheet showed a greater loss in strength
than the normal manganese gheet.

Thege tests show that stress has an luportant
effect on the corrosion damage on sheet specimens. For
both the normal menganese and low manganese 2lloy sheet
gpecimens there was a far grecster loss in strength of those
specimens exposed at the higher stress, than those exposed
at the lower stress which, in turn, was greonter than the
logs in strength of the unstressed specimens. One of the
low manganese sheet specimens nominally stressed at the
0.1% proof stress (24 tons/in2) was missing after 12 montha'
exposure, and although the pieces were not found, it
has been assumed that it failed by stress corrosion. The
other specimen broke nt 19.1 tong/in2;, or is less than
the initial stress of 24 tong/in2, The two ends of the
specimen were algo tested, end broke at 21.7 and 21.4 tong/inZ2,
with elongations of 27 end 37, resgpectively.

Since the specimens are stressed in constant
strain by four-point load bending, the stress of the specimens
decreecsen once the elestic limit of the material has been
reached. Those specimens at the higher stress showed a
permanent set when removed from the jigs, and therefore
the actual stress must have decreersed during the test
to well below the 24 tons/in2 which was originally applied.
The specimens stressed at 16 tons/in2 did not show a
pe rmanent set,

For convenience, speocimens were all exposed in
the game jigs which had been used for the originel field
testa, and the same initial stress wag applied to both
alloys desplte the differences in initial mechanical
properties of the two materials.

The regults of micro-examination, Table 9, show

that the loss in tensile strength 1s broadly associated
with the amount and depth of corrosion atteck. The low

e o . oo i e e




manganese sheet was corroded to a greater depth than the
normal manganese sheet, and the sheet specimens showed
much more corrosion attack then the extruded specimens.
Those sheet specimens stressed at 0.l1% proof stress showed
a deeper attack than those at the lower (maximum design)

stress, which in turn was deeper than the unstressed specimens.

The maximum depth of the corrosion attack on the one
remalning low mangaenese sheet specimen nominally stressed
at 0.1% proof stress for 12 months was 0.038" or over
half the thickness of the specimen.

The stress, however, did not affect the amount
or depth of corrosion on the extruded gpecimens.

On both the sheet and extrusion apecimens the
gcatter of the tensgile test results is too great to draw
any concluslong @8 to the variation in rate of attack
with time, except in the case of the streesed sheet specimens
which all show a marked increase in the rate of attack
during the last 6 months of the test. After 3 and 6 months'
exposure the corrosion attack was mainly of the pitting
type with some intercrystalline corrosion. After 12 months,
however, the attack tended to become more longitudinal,
accompanied by genersl sub-grain intercrystalline attack.
This type of attack penetrated inwards only on the tension
gslde of the stressed sheet speclimens, but on both sides
of the extruded stressed specimens.

3.4, Influence of Welding on the Corrogion
Registance of IE,10 and HB.15.

dince 1t appears likely that welding will destroy
directional effects in extrusions it may, therefore,
make HE,.1l5 susceptible to stress corrosion. In view of the
extensive use of welded sluminium structures a programme
of work has been started to determine the effect of welding
on both HK,10 and HE.15. Metesllic arc welded extruded
plates .25" thick, of both HE.10 and HE.15 have been supplied
and are being machined into specimens .1" thick suitable for
field tests. Some of the original HE.10 jigs have been
g8lightly modified fto be able to accommodate the specimens
stregeed at L T/in< and 6 T/in2. The specimens will be
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exposed at Sheffield (Site I) and at the atmospheric

gite at Hayling Island (Site III). They will be examined
vigually after 3 and 6 months and nine specimens of each
alloy in each condition of stress, as well as ungiressed,
will be removed after 1 and 2 years. The rcmaining

nine gpecimens stressed at 6 tons/in2 and unstressed
specimens will be removed after L years.

These fleld tests should commence in 3-4 months
time. At the same time gome accelerated streass oorroslon
laboratory tests will be conducted.,

4+ LABORATORY TESTS.

Jel, Effect of ntmospheres of Vrriocus Humidities.

As described in R.22/6 saturated solutions of
various anlts that would give known relrtive humiditles
of the air immedirtely above them, were placed in boiling
tubes. Smell pieces of HE.15 ~nd HE.10 were cleaned ~nd
guspended above the solution from a cork which fitted
loosely into the top of the tube. Four tubes ranging
in R.H., from 67% - 92% were thus filled and placed in
a2 conteiner maintained at o stendy tempernture of 19-220C.

At the end of « yenr, there wes only a alight
difference in the apperronce of the HE.15 specimens. Those
at the higher humidity ctmospheres had o glightly dnrker
appearance ~nd very small amounts of corrosion produoct
were vigible on the surfcce. There wog no detectoble
difference in the HE.1lO specimens. After one year's
exposure, the specimens were removed, ~nd each wcsg gprayed
once with 2 3% sodium chloride solution. They were then
replaced in the srme tubes rg previously, ~nd examined
after 3, 6 ond 12 months.,

Even after 3 months, there weg on indicction
thot the higher the humidity the greater the corrosion
attack, with both HE,10 ond HE.15, and this became more
pronounced with time. The attack on HE.10 even at 92% R.H.
was 1lsoleated o2nd resembled worm cnste. Thet on HE.15
was more general.

e o e e P e e
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It seems clear that the relative humidity
doeg have an effect upon the rate of corrosion of aluminium
alloys, provided there irs some othcr corroding nediun (1e., tha
chloride ion) present either in the atmosphere or on the
aluminium itself. At 67.3x R.H. the attack is very slight,
but it becomee increasingly severe up to 92%.

The speclmeng have been re-gprayed with 3%
godlum chloride solution, and again have been sealed in
thelr respective tubesg until further examination.

.2, Effect of Removal of Corrosion Productsg.

Previous tests (R.22/6) on the effect of removal
of corrosion products on HE.15 showed that the corroding
conditions were too severe and magked any effect that the
removal might have on the rate of corrosion attack.

The extruded epecimens, from the original batch
of HE.15 channel material, golution heet treated 1 hour
at 500°C, and aged 8 hoursg at 1700C, were gprayed daily
with a 3% sodium chloride solution and were kept in a
closed cabinet. The corrosion products hed been removed
from different sets of specimens immediately before spraying
at the following intervale.

(a) Daily.

(b) Every three days.
(¢) Weekly.

(d4) Fortnightly.

This test has been repeated with two modiflcations.
The specimene were guspended outside in the normal
atmoephere, end from one set of specimens the corrosion
product has not been removed. Five channel speclimens
were in each set, one of these wes hung vertically so that
the 3¢ sodium chloride spray solution could easily drain
off the specimens which would be washed by rain and dried
by sun. The other specimens were hung horizontally

-
i
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go that the underneath, protected by the flanges, could
not be washed or dried as easily.

The regults of visual end microscopical
examination after two and seven months' exposure, are given
in Table 10, and it will be seen that there is still no
pronounced difference between any of the specimens. The
foliation attack is very localised and developed more
quickly on some specimens than on others. In the earlier
laboratory tegte, the attack wae not as localized, and
although 1t etarted at ors or two pointe on each aspecimen,
it became more general.

The at%tack recembles, however, ihe attack at
the exposed estmoepheric eiters more than the previous tecte did.

Lo3. Simulstion of Inductrial Atmocpheres.
Effect of additiong to Humid SO0o Tect.

(a) Previoue work and Degcription gf Precent Tect.

The firet cerieg of tects made 1in order to
elmulate an industrial atmoephere, by making additionsg to
the humid SO, beaker tect, has becn deccribed in R.22/6,
where it wae reported that the chloride ion produced
an attack reeembling that observed with epecimene expoced
to the induetrial atmosphere of Sheffield. Similar
gpecimens have been expoged to a humid SO, atmoephere
containing varioue additione of HCl.

The apparatue used hae been degcribed in many
previous reports (c¢.g. R.22/5). The additione of 3,
6 and 9 nl. of normal hydrochloric acid were made to each
renewed sgolution end with each SOp addition. Thece were
equivalent to .11 gme, .22 gms, and .33 gme HCl, reepectively.

Specimeneg of the original batch of channel of
HE.10 end HE.15 in the elevated temperature aged condition
were expoged to the three conditione of teet. At the
end of each expoeure period, 3, 6 and 12 monthas, duplicate
gpecimene in each alloy were removed from each beaker.
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The corrogion product was removed by immorsion in a
Crgo%/H P0;, solution. The specimens were then weighed,
an helr tensile properties determined. Microeections
were alsc made asnd examined.

(b) Resgults and Discugsion.

The resultsg of loss in weight, tenslle tests
and micro-examination are given in Tables 11, 12 and 13,
regpectively.

The loss in weight determinations are not reliable
for the HE.1l5 specimens exposed for 12 months, due to
the foliation attack, since it was impossible to dissovlve
out the corrosion products without removing the layers
of metal betuveen the bande of corrosion. Unfortunately,
one gpecimen of HE.15 exposed to the 3 mls. of HCl for
3 months dipped into the solution and the loss in weight
is unduly high. Of the remaining results, there has been
a greater loss in weight of the specimens exposed to the
6 mls. of HCl than to the 9 mls. which, in turn, is greater
than {1hose exposed to 3 mls. The corrosion attack was
of the foliation and pitting type, and resembi¢d that of
the specimens exposed at Sheffield, for 2 years. The
attack, however, wae much deeper. The tensile tests
ghowed that there has heen a greater loss of ultimate
after one year's exposure to the SO, and HCl beaker test
than after 2 years' exposure to the industrial atmosphere
at Sheffield, and that there seems to be no substantial
difference between the specimens exposed to various amounts
of HCl, The general conclusion 1s that increasing the
anount of HCl1l in the range 3 - 9 nils. does not increage
the rate of corrosion attack on HE.l1l5, end that the rate
of attack is about 5-6 times greater for the humid 80p
and HC1 test than for the exposure tests at Sheffield,
ag judged by tensile tests.

There waz a much smaller loss in weight for the
HE,10 specimens than for the HE.15. The values are
slightly larger after 6 months than 3 monthe, but after
12 months the loss of welght is about double that after
6 monthas. Increasing the HCl edded from 3 - 9 mls.
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sc.ems to have no obvious effect upon the rate of corrosion
attack ag judged by any of the thrce 'mecthods used.

The micro-examination showed that the type, amount and
depth of attack resembled that on HE.10 specimens expoged
at Sheffield for 2 years.

Comparcd with field tests, the HE.10 material
shows much less attack than H.19% matcrial, whcereas there
was little difference in the two materials after 2 years'
atmospheric exposure, but it is possible that a better
relative currelation between the corrosion behaviour of
the two alloys will emerge from longer term field tests
(4 and 8 years) and it may be that the S0o HCl test will
prove a useful accelerated test. The high humidity of most
laboratory tests appears to accelerate the foliation type
of attack.,

L4, Effect of Variousg Hest Treatments on Corrogion
of INormal und Low manganege alloys.

(a) G@Qeneral.

Sheet (.036" and .05") specimens of the low
and normal mangancee alloys (Appendix I) as well as extrusion
specimens cut as discs 1" in thickness of the 2" dliameter
bar were hest trcated at 5000C. and aged at 1700C, for
various lengths at times as follows:-

Sheet specimeng .05" and 036"

Heet trested L4 hours gt 5000C. Aged 4 hours at 1700C.
L'- 1 " 113 2 i 1" 114

u " t 1 16% " " 1

2“ it " " u st il fi

i it it " it " i
w. Sﬁ 1] " i lgg i 1] "

f.w
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Extruded gpccimens 1 hour at 5000C. Aged 4 hours at 1700C.
1" it " "

l it 2“ 1t

1 i i i 168 i 1] 1]

u 1t " 1" )4 " 11 1

u 1] " " 2“ " 1] i1

u 1! " 1] 168 " 1" !
214 i 1 " 14 " t 1"
2L‘- il " " 214 st " "
2“_ 1] 1 " 168 1" 1" L

The specimens were sprayed once daily with a 3%
godium chloride solution and were examined visually after
1, 3 and 6 months, at which times microscctions were
prepared and exemined. The results of the visual examination
are given in Tables 14, 15 and 16, cnd of the microscopical
examinction in Tables 17, 18 and 19.

(b) Regults oand Discussion,

Since the surface of the extruded specimens in
contact with the 3% sodium chloridc spray is normal to
the cxtrusion dircection, the corrosion attack penetrated
inwards as pits, or fine hairline cracks, parallel to the
extrusion direction,and after 6 months it had penetratod
in some cascs over half the thickness of the specimen.
This same type of attack is dcscribcd as 'foliation or laycr
corrosion' in other scctions of this report, sincc then it
runs parallcl to thc surface of thc spcecimen in contact
with the corroding mcdium and is desceribed cither
as pltting er laycr attack in Tablcs 17 - 19, depending
upon the width of the attack. There appcars to bc little
or no difference between the two alloys as Jjudged by
visual examination; although the attack on the low mangancse
alloy extruded disce was perhaps more gencral than on the
normal mangancsee alloy specimens.

Micro-exemination also shows that there is a little
difference in the attack on the extruded specimens of the
two alloys. The regults agree with provious work (R.22/6)
on effect of hest treatment on Hi.15 that the length
of time of ageing has morc cffect upon the rate of corrosion
attack than the timc¢ of heat treatment. There was,
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in peneral, more pitting and fine subgrain attack on the
normal than on the low manganege extruded apecimens.

. There is some evidence that the amount of attack decreases
slightly with increasing time of heat treatment, and a
pronounced evidence that the amount of attack decreases

. with increasing time of ageing. 7There is, however,

a grester improvement by increasing the time of ageing
from 4 to 24 hours, than from 24 to 168 hours. Those
specimens heat treated for 24 hours and aged for 24 and

, 168 hours showed the least amount and dopth of attack.

‘ The asttack on the low manganese alloy appeared to be worse
than on the normal manganese alloy.

e e e = e e e 8 T =

The game relationship between time of hecat treatment
and ageing with corrosion attack was true for the sheet
specimens as well, although the time of heat trestment
had a greater effect than upon the extruded specimens.,

The intercrystalline corrosion attack ghowed slightly more
longitudinal tendency on the normal manganese containing
alloy than on the low manganege containing alloy, cspecially
on the 0.05" gheet.

5. STRHSS CORROSION.

Hels Determination of Safe Lcvel of Strcgs for H15.

The rcsults of strcss corrosion tcsts on H1b
gstudying the cffcet of mangancsc on the dircetionality
. shown by cxtrusions (R.22/7) has shown that although
(. HE.15 1s not susccptiblc to strcse corrosion when strcsecd
' in thc dircction of cxtrusion, it 1s veory susccptible
whon stresscd transversc to the cxtrusion dircetion.
Sheet spceimecns arc also vory susccptiblc 1o strcas corrosion.
It 1s important, thecreforc, to dcterminc if therc 1s a
safc lcvel of strcss bclow which strcss corrosion will
not occur in H1l5 ghcct and cxtrusions whcon strcsscd normal
to the cxtrusion dircction.

The rceults, to datc, erc given in Tablc 20.
The matcrial uscd for this scction of work was the normal
mangancsc alloy rcfcrrcd to in Appondix I. The spcecimens
were stresscd in dircet tonsion by mcans of lcver opcratcd jigs.

PR
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The specimens were small cylindrical bar type test pleces
with threaded ends, and a gauge length of 1" and diameter
of 0.179". The apecimens were in a vertical position

and their gauge lengths were gprayed once dally with a

3% godium chloride spray. The specimens were made of the
normal manganese alloy as described in Appendix I. The
sheet specimens were machined from ,2' thick gheet

so that the gauge length was longitudinal to the direction
of rolling. Previous work (R.22/7) has shown that the
direction of rolling has no effect upon the stress corrosion
properties of this material., The extruded specimens were
machined from the 2" diameter extruded bar so that the
longitudinal axis was normal to the longitudinal axis

or extrusion direction of the bar.

Comparing the two series of results given in
Table 20, the stress that can be sustained is slightly
higher for the sheet material than for the transverse
extruded material, It has been shown (R.22/7) that specimens
cut from the same bar with the longltudinal axis parallel
to the longitudinal axis or extrusion direction of the bar
were not susceptible to stress corrosion in vend tests
and falled in direct tension after 125 days stressed at
16 tons/in2, 60 days stressed at 20 tons/in2 and 77 days
stressed at 24 tons/in2. There are some tests in each
materiasl which have recently been started and which have
been noted in Table 20, Although the results are incomplete
the fact that failure has taken place at gtresses as low
as 6 tons/in2 in trangverse specimens from extrusions,
and 8 tons/in2 in sheet, suggests that there is virtually i
no gafe limit of stress for these materials. Any structural
part must be expected to carry loads of this order, and
even on parts which do not carry any externally applied
load the internasl stresses must approach these values.

5,2. Prevention of Stregs Corrosion by Protective
Goatings.

It 18 obvious that some kind of protection is necessary
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before H15 alloy sheet and extrusions stressed normal

to the directlon of stressing can safely be used for
gatructural work in eorrosive stmospheres, and some
preliminary teets have been carried out in order to see
if protection can be given by metallic sprayed or painted
coatings which 1f anodic to the basis duralumin will
protect it sacrificielly eimilarly to cladding on sheet.

Sheet sgpecimens of the normal manganese alloy
+036" thick have been sprayed with .002" coatings of commercial
purity aluminium (99.7) aluminium/1% zinc, and zinc,
and some were painted with two brush coats of metallic
zinc paint. These were stressed in a cantilever or one
point load type of jig, and sprayed once daily with a 3%
sodlum chloride solution. Thias work has previously
been described in R.22/8.

The results are given in Table 21, There has
been no failure of gpecimens coated with aluminium or
aluminium/1% zinc after 476 days at 18 tons/in2, and 265 days
at 24 tone/in2, The zinc sprayed costings glve less
protection and the metallic zino paint still less. Even
the latter does, however, greatly lengthen the life of
the sheet specimens.

Teets are also being made on HS.l1l5 specimens
which have been given two different types of painting
schemes, with and without scratch marks. Since there was
not enough of the normal manganese alloy material available
and different material was necessary, some specimens have
been sgprayed with aluminium to give a comparison between
these teets and the previocus ones. No results have yet
been obtained.

Sowme HE.15 channel specimens from the original
batoh of material are being glven sprayed coatings of
aluminium, and similer specimens will be given two brush
coats of metallio zinc paint. These unstressed specimens
will be sprayed once daily with a 3% sodium chloride solution
and kept in a oclosed cabinet to see if these coatings »
will also prevent the foliation type of attack on extruded
specimens.

PR v =t St i e
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VI. SUMI{ARY AND CONCLUSICNG.

1., IIE10 and IIE15 exposed to fleld corrosion tests
at five sites for periods of 12 and 24 months confirm
previous findingzs.

2. I"ield tests on HE1O alloy with added copper contents
up to 5% are inconclusive after 24 months' exposure.
Incressing copper content incresges directiionality of
attack,

3. Comparative field tests on sheet and extruded
H15 alloy with low and normal manganese contents for periods
up to 12 months show that -

(a) Sheet material is subject to stress corrosion
in these conditlone whereas extruded material stressed
parallel to the direction of extrusion is not,

(p) There is a slightly greater smount of attack
with the low manganese material,

4, In laboratory tests it has been shown -

(a) That relative humidity is a very important
factor in determining rate of attack, and a high humidity
strongly favours foliation type of attack in HEl5 alloy.

(b) That periodic removal of corrosion products
during salt spray testing does not influence rate of e&tack.

(¢) That the HE10 alloy is much more resistant
than HE15 to the humid SO, test with HCl additions,
and that follation attack develops rapidly in the HEl1l5 alloy
in this test.

(4) That the effect of variations in solution
and ageing heat treatment times on normal and low manganese

H15 sheet and extruded unstressed specimens does not markedly

affect rate of corrosion in salt spray, but there is some
tendency for corrosion to decrease with increasing time of

polution heat treatment, and also to deoresse with increasing
time of ageing. This effect becomes more marked in H15 sheet.
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Manganese tends to decrease the rate of attack eand causes
more marked directionality in both sheet and extrusions.

¢ (e) Stress corrosion failures in salt spray
| have taken place in H15 sheet at a stress of 8 tons/in2
ard in H15 extrusion stressed normal to the extrusion
(¢ direction at a stress of 6 tons/in2, It is doubtful
N\ if a practical gafe level of stress exists, particularly
in the specimens cut transverse from extrusions.

e ey e

(f) Very promising results have been obtained
on specimens of H15 sheet sgpecimens sprayed with commercial
purity aluminium and aluminium/1% zinc alloy. No failures

have so far occurred in salt spray with stresses as high
as 24 tons/in2.

VII. WORK IN HAND.

l., Fleld tests will continue and specimens will be
examined after exposure times of 4 and 8 years at
five gltos in HE1O and HElS5 speclmens.

g o <

2, HE10 gpecimens with copper contents up to 0.5%
will be examined after exposure for Y4 years at two sitesg.

3. Preliminary examination snd cutting of specimens
. from metallic arc-welded HS10 and HS15 plate are complete,

and field exposure and laboratory corrosion tests will
start shortly.

. 4. Work will continue on tne correlation between laboratory
and field corrosion tests.
¥
. 5. Laboratory salt spray tests to determine gafe level
! of stresgs for HS15 and HE1l5 specimens cut trangversely
. &

- from extrusions will continue.

6. Laboratory tests will continue on the influence
of protective coatings un tendency to stress corrosion.
i Thesge will include painting of gheet and metal spraying.
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VIII. FUTURE WORK.

1. Layer Corrosion.

It is strongly recommended that work be put
in hand to study the mechanism of layer corrosion,
particularly to determine whether this tends to proceed
at an accelerating rate. Since layer corrosion appears
to proceed along planes of heterogeneity, efforts should
be made to correlate this with heterogeneity in the original
ingot and to determine the composition of layers which
are preferentially attacked and which are resistant.

2, Suscepvibility of other alloys.

In view of the susceptibility of the H15 type
alloys to layer and stress corrosion, it is recommended
that & prograrmme of exposure tests similar to that elready
carried out on the H10 and H1l5 salloys he undsrtaken

with the aluminium/copper/cadmium and aluminium/zinc/
magnegium alloys.

EAGL/WAB/EMF
50.11.53,
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N.B. The expression “foliation attack" in this table signifies that

this form of attack appears on a micro and not necessarily on a

macro scales
Period Stressed at Stressed at 0.,1% S
Site of Design Stress | Proof Stress. Unst ressed
Exposure ‘
I 12 General shallow pltting and general
Sheffieldj months foliation attack,
M.D¥ 0,008 M.D. 0,007 M.D. 0,005
24 General foliation attack,
months M.D. 0,007 M.D. 0,010 M.D. 0,008
II 12 General foliation attack,
Euston | months M.D. 0,004 M.D. 0,004 M.D. 0,005
24 General foliation attack,
months M.D. 0,007 M.D. 0,006 M.D. 0,006
III 12 General foliation uttack,
Hayling | months M.D. 0,008 M.D. 0,007 M.D. 0,005 |
Island
Agmof- 24 General foliation attack,
Wgﬁaging) months M.D, 0,009 | M.D. 0,008 M.D. 0,005
= T
v 12 Slight isolated attack same specimens attaock
' Hayling | months negligible,
Island.
Total M.D. 0.002 M.D., 0,001 M.D. 0,001
Imm 0
erslog Isolated foliation attack. No unstressed
months M.D. 0.006 | M.D. 0,006
L
VII | 12 Slight isolated foliation attack, some
Cﬁris;— months specimens attack negligible,
churc ‘
Tty M.D. 0,003 | M.D. 0,001 |
Immersiony 24 Isolated foliation attack, some specimens
months attack negligibdle,
M.D.¢ 0,003 | M.D, 0,009 M.D. 0,005

x M.De = maximum depth




TABLE 2.

MICROSCOPICAL EXAMINATION OF HEL0 SPECIMENS
AFTER_I2 AND 24 MONTHST EXPOSURE.

r\'
| Period Stressed at Stressed at 0.1%
Site of Degign Stress Proof Stress. Unstressed
Exposure —
I 12
Sheffield| months General intercrystalline corrosion with same
intercrystalline pitting,
M.DX0.012 M.D, 0,014 M.D. 0,010
24 General intercrystalline corrosion with E
months some isolated attack. f
McDo 0.010 MoD. 00016 M.D. 00008 2
s tII 12 General intercrystalline corrosion, |
uston months M.D. 0,008 M.D. 0,016 M.D. 0.010
24 General intercrystalline corrosion,
months M.D. 0,008 M.D. 0,008 M.D. 0,008
III 12 General intercrystalline corrosion,
%g{;tgs months M.D. 0,012 M.D. 0,009 M.D. 0,010
‘ﬁ%ﬁgg 24 General interorystalline corrosion,
‘hereo months M.D. 00013 l M.D, 00013 M.D. 00009
!
v 12 Isolated intercrystalline corrosion,
Hayling | months M.D, 0.016 M.D. ,005 M.D. 0,016
Island
%;Zal 10 24 Isolated interorystalline corrosion,
ersion| months M.D. 0,003 M.D. 0,0021 | M.D. 0,005
VII 12 Isolated interorystalline corrosiogﬁ "t i
Christ- months M.D, 0,018 M.D. 0,013 Some rounded
church ‘ pits.
Total M.D, 0,020
Immersion| o4 Isolated intercrystalline corrosion.
months M.D. 0,011 | M,D, 0,021 | M.D. 0,020

#® M.,D., = maximum depth,
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HE 10 ?
18t Series| 2nd Series | Average { 18t Series | 2nd Series| Average
UeTeBe UeTeS,
UsT S El% U.T. ﬁl% 18t 2nd; UsTe§
7/in T/in 17 i T/in 1st | 2nd
Design Stress. !
16.5 |8 16.8 |9 29.7 | 4 7
16.1 |8 16.6 11 | 16.4116.6/29.0 | 6 6 28,7} 28.4
16.6 |10 | 16,5 | 10 i{27+3 | 6 9
0.1% Proof Stress.
16.9 |8 159 |9 27.4 18 8
16,0 |6 16.8 |9 16.4116.5[126.6 | 8 5 26.7| 28.6
16.3 |6 16.7 |9 26.4 |6 6
Unstressed.
17.0 |8 18.6 |13 28.3 | 6 28.5 19
17.2 |8 18.7 |12 | 17.2[18.4{27.8 |6 28.5 |9 28.0}28.7
16.7]17.2 27.8|28.6
| | 1
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AT SITE II

TENSILE TESTS ON SPECIMENS AFTER 12 MONTHS
R EUSTON ST,

HE 10 HE 15
18t Series| 2nd Series | Average 18t Series| 2nd Series | Average
U.TsS. UeTeSs
UsTeSe| BI%| U.T.Se| E1% | 18t {2nd |U.T.S B1%| U.T.S4 B1S | 18t | 2nd
T/in T/in2 T/1in2 T/in2
Design Stress
176 10 175 11 28.9 |8 30.4 |8
17.5 |8 17. 11 29.4 | 6 28,6 |9
0.1% Proof Stress
17.5 |8 18.4 | 10 30.1 6 28.4 | 9
17.7 |8 18.3 10 17.6118.3}|30. 1 7 29.9 | 7 28.8129.5
17.6 10 18.1 9 28.2 |8 30.3 | 7
Unstressed ‘
 17.8 12 18.5 |9 ‘ 30.2 | 6 29.5 |9
1841 12 18.8 10 17.9118.7]129.7 |8 29.0 8 29.7129.7
178 12 18.9 10 29.2 |8 30.6 |8
17.8118.2 29.4] 29,5
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TENSILE TESTS
EXP

TABLE, 3.G.

TS ON SPECIMENS AFTER 12 MONTHS

SURE AT SITE II

SLAND MARING ATMOSPHERRE).

I (HAYLING

HE 10 HE 15 |
1st Series| 2nd Series| Average 18t Series | 2nd Series | Average |
U.TOSO U.T.s.
U.TeSs BE1%| U.T.S. B14]| 15t |2nd |{|U.T,S.| B1B| UT.3. E1%| 18t | 2nd
T/in2 7/in2 T/in2 T/in2 \
Design Stress E
18.8 7 18.2 9 128.5 7 28.7 8
18.5 7 18.6 9 18.5(18.3l127.0 9 27.4 8 28 .4] 28.9
- 18.1 8 18.0 9 29.7 | 7 29.7 10
0.1% Proof Stress
17.8 10 18.4 7 29.9 7 26.5 10
17.7 8 18.3 7 17.8118.3]|27.2 5 28.6 8 28.6| 27.4
17.9 |8 18.3 8 28.7 8 27.2 10 ‘
Unstressed
18.2 9 17.8 10 | 18.2(17.71131.0 7 30.0 7 30.3] 28.9
18,2 (1841 L 28.8| 28,1
i
|
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TENSILE TESTS ON SIECIMENS AFTER 12 MONTHS

EAPOSUR: A1

ISLAND TOI

F SITE V_(HAYLING
TAL INMMERSION) s

HE 10 HZ 15

18t Series | 2nd Series | Average 12t Series | 2nd Series Average

- U.TeS. U.T.S.
UsTeSe| B1% | UsTeSe E1% | 1st | 2nd ||U.T.S.| B1% | U.T.8.| E1% | 18t | 2nd
T/1in2 - T/in2 T/in2  T/in2
Design Stress
17.7 |12 [19.0 |16 3.6 |8 30.2 |12
17.6 12 18.0 10 17.7]|18.6||30.5 12 30.0 11 30.7]| 3145
177 15 177 15 30 9 3442 8
0.1% Proof Stress
18.6 12 19.6 12 311 8 3241 9
19.0 12 194 12 18.9[119.4{131.1 10 32.0 10 | 31.3]| 32.0]
19.0 12 19.3 12 31.8 9 32.0 10
Unstressed
18.3 12 18.5 12 29.5 10 31.1 9 ‘
18.3 13 177 10 303 9 30.5 9

N —

18.3118.7 - 30.7{31.3
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Co TINSILE TESTS ON 3PRCIMINS AFTDR 12 MONTHS ‘1
'5 EXPOSURS AT S173 VII (CHRISTCHURCH
” . TOTAL IMMORSION. -
§
' (" HE 10 HE 15 B
18t Series| 2nd Series | Average 18t Series | 2nd Series| Average 1
‘ U«TeSe U.TeS. -
 UaTeSe El% - UaT S El% 1st {2nd |JUT.S. El% UsT eS| El% ‘ 18t | 2nd
T/in2 7/in2 T/in?2 T/in2
l : Design Stress
Lo 164 (8 | 14.9 |2 29.8 |- |30.7 |10 . .
' 15.7 L 16.2 3 15.5{15.5||26.2 5 34.0 10 28.3| 30.6
B LTy i 15.5 | 4 128.8 | 8 30.0 | 10
' 0.1% Proof Stress
15.2 |4 17.8 | 15 29,1 8 30.9 |11
' 15.5 |4 18.6 |5 16.3{18.3]||29.6 | 8 29.7 {4 29.5| 30.5
18.1 10 18.6 6 29.9 8 30.8 10
(;k Unstressed ‘
19.4 |13 |16.2 |4 31.7 |6 3141 |9
17.4 |5 16.5 |6 18.3116.2{|30.1 10 | 30.3 |7 30.4{30.4
—t—| — |
16,7 (1647 29.3| 30.5|
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HE 10 | HE 15

18t Series | 2nd Series | Average 118t Series | 2nd Series Average

‘ UsTeS ‘ UeTeSe
UsTe .‘El% UoToSoEl% 1St 2nd {{U«T.S. El% UeTeS. El% 18t 2nd
T/in T/in2 | T/in2 T/in2
pesign‘stress
16.5 |11 [16.9 |9 | 16.9|17.4|{29.4 |7 30.2 |5 28.9(29.4
173 8 16.6 12 29.2 6 29.0 8
0.1% Proof Stress |
16.8 8 16.2 9 ‘ 29.3 | L 26.1 5
16.3 10 1645 9 16.6|16.3||28.3 L 2242 x 28.3[25.4
16.6 |9 16.1 |9 27.4 |6 27.8 |6
Unstressed |
1742 10 17 .0 10 1 16.9|17.0{|20.3 b 4 27.8 5 25.2]28.2
16.8 10 16.9 11 28,8 L 28.7 |6

16.8]16.8 ‘ 27.5|27.6

X Broke outside gauge length.

-
i
1
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TABLE 342G

TENSILE TESTS ON SPECIMENS AFTER 24 MONTIS
OSUR®E AT SITE IX (BUSTON ST

(~ HE 10 HE 15
- 18t Series | 2nd 3eries| Average 1st Series | 2nd Serieé} Average
UQT.SO UQLS.
UL T, § §- | Blw U Te8e | Bla| 186 |2nd | U, T. 5] BEL#| UsTe g Elj% 18t 2nd
T/in T/in T/in< T/in | |
Design Stress |
17.8 | 11 | 17.4 |13 29,6 8] 27.8 | 9
175 11 1746 |12 | 176173 | 2846 | 945 | 30.0 8| 29.4{29.4
174 12 170 |12 2847 10 3043 8
0.1% Proof Stress
174 10 17.8 {12 3047 10 2945 8
1‘703 10 1709 12 170“- 1709 3045 6 | 2902 7 50.6 29,1
174 - 1841 |10 | 3045 | TWD | 2845 7‘
( Unstressed
© 11748 111 | 1745 {42 29,8 | 8 | 28,7 | 8
18.0 11 18¢1 [12 | 17.9(17.8] 30,0 9 3040 8130402942
179 11 | 177 |12 ‘ ' 30.2 8 29.0 9
176711707 3060(29.2




TABLE 3. He
TENSlLE TESTS ON SPHC IMENS AFTER @&__QNTHS

MARIND ATMOSPHERE ),

e

HE 10 HE 15
18t Serlies | 2nd Series| Average 18t 3eries 2nd Series Ave;age
U, T, Sy U, T, S
U.T.8. | Bl U.T, g “BE1%| 18%t] 2nd | U.T.3q El% | U.T. g B1% 1aq ond
T/in T/in< | T/in T/in
Desipgn Stress
17.8 8 | 17.1] 10 29.0 5 28,9 7
17+9 10 18411 10 | 17.8]17.7 | 2842 7 29.1 3 12847295
18,0 | 10 1781 9 | ‘ 28,9 ) 3044 9
_(_)_,_‘_u,_PLr‘oof 3tress
1741 8 | 18.3| 7 28,9 6 27, 7
17. 10 1781 7 | 1731177 | 2841 Yy 30,3 | 8 28,7 28.4
17.6 10 171 1 11 29.2 6 27. 5
. Unstresgsed
176 | 10 | 1944 [ 14 29,2 | 8 | 29,7 ] 8
18.4 10 1846 | 10 | 17.7118.8 | 23,8 L 28,9 8| 27.4129.0
17.2 11 18.6 8 ‘ 29.2 7 28.“ 10
17.6] 18,1 - 2843]29.0
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TEN%le I®S

{ HE 10 HE 15
18t Series 2nd 3eries | Average | 18t 3eries 2nd Series] Average
___ U, T, 3, U, T, 8.
U.T. 3 El%| UsTe Sei Bl 18t l end| U,T.8.| E1% | U.1T.8. Ely 1st] 2nd
T/in T/in T/in T/4in
| Design Stress
1743 15 194 [ 13 ‘ 30,0 |12 | 31.8 |12
1705 1 1947 9 170’4 19@“ 314 9 ‘3102 8 3069 3163
173 7 19.0 | 13 31el4 9 | 30 10
- Q1% Proof Stress
1841 10 194 | 9
1 18.2 13 19.6 | 11 183 | 1942 29.4 11 313 10
(qma.e 5 18,5 | L 3064 |10 | 3142 9 | 29.6| 26,8
r 29,0 |14 | 17.9%| 2
Unstreassed
- 18. 1’4 1905 12
17. - 1943 112 | 17.6 | 1944 No Unstressed
17.6 10 19.4 | 13 ‘
178 1 193 3003 2941

Kproke at area of

severe localized attack.

. B e T

et e e e o
kl

sty s 1



TABLE 3.Ke

TENSILE TESTS ON SPHCIMENS AFTER 24 MONTHS
EXPOSUR:S AT SITE VII (CHRISTCHURCH

TOTAL IMMERSION,)

: g‘ HE 10 HE 15
‘ 18t Series 2nd Series | Average 18t Series 2nd Seriles { Average
B Uy Ty Sy U, T, S,
; UsTo§e | BLS| U.To3e| Bl | 4st| 2nd | U.T.§ Bl% | U.T.§| EL% | 18t | 2nd
: I/in< T/in T/in T/in
: Design 3truess
i : 16,6 7 17,9 2 27.2 | 5 - 30,8 9 .
‘ ' 16.6 - 16.3 6 | 15:5(17:1 2841 8 30,8 Z 284 8] 30,3 | ¢
13.4 5 | 16, L 31.5 {1 29,3
0,1% Proof Stress
- 18.8 9 19,6 | 14 | 30s8 | 9 31,0 9
| 1844 8 17.4 4 | 18.5[18.3 30,2 | 6 3146 | 9 | 304 3142
{ 184 6 179 | 10 | 30,2 | 8 309 | 10
Unstressed
1748 5% | 17,6 | 9 3.1 | 9 30,0 | 9 .
<« 1 1849 12 | 14.8 b | 184411649 | 3444 | 8 29,6 8 | 30.8{30.2
1846 8 18¢3 | 13 29.8 | 9 30.9 5
17.4] 174 - 30.0] 30,6

%practured at deep pit,
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TENSILE TESTS ON COMTROIL JP#C
2 and 24 MONTHS,

TABLE 4,

ABNG ARTER

12 months 2y months, :
18t Series, 2nd geries, 18t _3eries. 2nd Series, '
‘ UT.8 | 81| G.Tge, Blw| GNLE 1 815 | LI BL G
T/in2 T/4in T/in T/in
312, 10,
1846 12 1849 12 18,8 8 177 13
177 12 19.2 12 18,7 9 171 1345
19.2 12 19.2 12 19,2 9 17.7 3¢5
19.0 12 17.6 10
18.8 10 177 11
1848 8 17.8 9
1847 12
18,9 8
A 18.Z 10
Average verage verage Avera%e
HE 15.
* ¢ 29,9 8 30,7 8 3001 8 2947 10
- 3344 6 29.8 8 31.0 9 3142 10
3040 8 3146 8 31.7 9 29, 8
30eL4 10 31e2 10
32,4 10 31.8 11
* 3.3 6 30.9 9
29.0 11 30,2 12
3045 11 3104 8
) 28.L | 12 3004 | 10
.} Average Average | everage | Average
. | 3046 ( 9 306 7 8 31 J 9.6 3001 9
1

3
»

© e s e AeptME 2
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TENSILE TESTS ON HEL0 SP
“IMOUNTS OF COPPLR AT

TABLE 5.

Al ‘
H.

Y.

B

ECIMENS CONTAINING VARIOUS

.:_.._._..__.ﬁgE %ﬂ_%__%_gﬁ___ﬂi ROLS,
Controls Sheffield Hayling Island |
Co Ll _year 2 _years 1 _year 2 _years 1l year 2 _years
# cor UTs | Bl. | ULS _|Bl, [UTS  [El, | UIS %T UTS . U'rszﬁ'.",
/104 % | T/in®|% | T/icfl% | T/in® % | T/ind % | T/in~|%
0,01 |18,8]14 | 18,9 |16 | 18,0 {16 | 17,7 |12 | 1844 |12 18,9 |12
18,916 | 19.0 {15 |17.8|14 | 17.6 |12 | 18.3| 13| 18.8 {o
18,7 (14 | 18,9 15 | 17,813 | 17.3|11 | 18.4 |13 | 18,4 |10
0,022 18,1115 | 17.8 {17 | 16,616 | 16.5]| 14 | 17.5| 12| 16.8 |11
17.9(15 | 17.8 |18 | 16,7 |15 | 16.4|14 |17.3| 15| 17.6 |13
18,2115 | 17.5 |17 | 16.3 |12 | 16,413 | 17.4{15| 17.4 |12
0,030 | 19.4| 14 | 19,7 |17.4 17.9| - | 1646| 6 |18,3|11}17,0 | 9
19.4| 14 | 20,3 |15 J17.7 {11 | 17.5] 8 |18.,7 |11 16,8 | 7
. 19.4| 14 | 20,3 [15 | 17.6 |iD | 17.1| 8 | 18.7 | 10| 17.4 [12
0.088 | 18,0| 15 | w.7s{17 { 15.3)12 | 16,0113 | 16.1]10] 17,6 |12
17,617 | 17.8 |17 | 15.3}12 | 16,011 | 16,0} 21} 17,9 |12
18,3| 16 | 17,9 |14 | 15.2 |10 | 15,8 |18 | 16,0 |11|17,9 |12
0,160 | 20,4) 16 | 20,5 |17 | 18,4 |13 | 18,6 |12 | 19.1| 9| 19.0 |10
20,3|16 | 20,6 |17 | 18.,6|12 | 18,310 | 18,511} 19,0 |10
20.6116 | 20,4 |17 {18,112 | 18,513 }|19,3|12|18.4 |11
20,3]16 | 20,4 }16,5 19,115 [16.,9}10 | 19,7 |15 | 18,9 |13
0.32 | 20,0|16 | 20,0 |18 |17.8]15 | 17,7 |15 |18.2 |21 |17.7 |14 |
20,016 | 20,0 |18 |18,2]|16 | 17,7 |12 |18.3 |12 |17.0 |10
| 20,0 |16 | 20,0 |19 |17,7 {14 | 17,611 |17.8( 9 |17.,2 {10 |
0.47 | 20,7116 |21.3 |19 [19,3{14 |18.9 )14 |18.8 )11 18,86 |15
20,6 |16 | 21,7 |17 [19,1]15 {18,5{14 |18,7 |13 {18.6 |10
20,8 |17 |21.6 |17 | 18,8 |14 | 18,9 |13 |18,8 |12 |17,1 |10 |
!
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TABLE 8.

ICROSCOPTICAL EXAMINATION OF HE1O SPECIMENS
OOFFER_A

*SONTATNTIG . VARTOUS AIOUNTE OF
‘ URE AT

rmag—

i A5 % YEARG' EXS0G
T .

=

SHEFFIELD, SITH I,

0

% ('H % Copper | 1l year 2 years
(.01 General i.c.® and pitting,|General i, cs and pitting,}
, M.D,0 0,015" M.D.° 0,013"
3 0.022 General i.c, and pitting. |General i.c. and pitting,
} Slight micro foliation. | M.D. 0,013"
; M.D. 0.010".
' 0,030 General i.c, and pitting. |General i.c, and pittingJ
' ‘ M.D. 0,016" M.D, 0,012" ‘
0,088 General i.c, and pitting. | General i.c., and pitting.

M.D. 0 .0‘14"

o 0,160 General i.c. and pitting,
s M.D. O0,010"

( 0.21 General i.c. and pitting,
M.D, 0,010"

0,32 General i.c. and pitting,
M.D., 0,012"

M.D. 0,011"

General i.c. and pitting.

M.D. 0.010"

General i.c., and pitting.
M.D. 0,015"

General i.c., and pitting,
M.D. 0,016"

0.47 General i.c, and pitting. |[General i.c. and pitting
‘ M.D. 0,011" M.D. 0.019" 1
¢ ‘ ® i.ce = intercrystalline corrosion

© M.D. = maximuam depth
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TABLE 7,

MICROSCOPICAL EXAMINATION OF HE)Q SPECIMENS
NE“ AVTER

s e o b e i i 8 S o

[p—y

0] ANOUNTS O]
‘_I__, YEARST EXEOSURE AT HAYLING. TSARD,
; *mm.m-m@__._ﬁ SITE T1I.
B % Copper 1 year 2 years
- C
\ 0,01 Slight general i.c.¥* | Slight general i.c.
; M.D.© 0,009" M.D. 0,012"
0,022 Slight general i,c, General i.c,
with some isolated M.D. 0,.,012"
more severe areas,
MOD. 00‘012"
¢ 0,030 Slight general i.c, | General i.c.
: and pitting,. M.D, 0,015"
: M.D. 011"
; 0.088 Slight general i.c, Ganeral i.c,
M.,D. 0,011" M.D. 0.013"
0,160 Slight general i.c. | General i.c,
with some isolated M.D, 0,011"
severe arseas longi-
tudinal tendency.
M.D. 0,016"
0.21 Slight general 1.c. | General i,c.
with isolated small M.D. 0,011"
pits longitudinal
tendency,
M.D. 0,009"
0.32 Slight i.0. rather General i.0.
1golated pits, longitudinal tend-
M.D. 0,015" ency., M.D., 0,011"
0.46 General fine i.c. General 1.c, longi-~
with slight tend- ' tudinal tendency,
ency to foliation, M.D. 0,016"
. M.D, 0,0)2"
X 1.¢c. = intercrystalline corrosion
0 M.D, = maximum depth

~
-
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TABLE 1,

TENSILE TESTS ON LOW MANGANESF AND _HIGH
“MANGANESE H15 S AND

ENS. EX ___-.______£E:I:I§EEEL_.__l_

e e e s
.
R T

- rp——

| Nominal 3 months 6 months 12 months
Material Stress U.TeS.| EL UeTaSe Elo‘ U.TeSs El.
T/in%.| % T/in % T/in? | %
Sheet Desgign A7 «3 S 27 «9 Vi 23.8 2
Stress 28.5 7 28.0 Vi 23.7 4
Low 16T/in2
Mangenese
controls 1% P.Sd 28,5 9 27 .7 6 19,1 1
El. 241/in2 28.8 7 27.8 6 specimen missing
T/inz % presumed failed.
28.3 10
29.1 10 un- |28.2 |7 [27.9 |6 | 26,5 |6
stressed 28,0 7 27 .8 5 25,1 | 3
Normal Design 31l.2 8 31,0 8 28.2 2
Manganese | Stress, | 31.2 8 0.8 | 8 28.4 3
16T/in?
Controls 1% P. s. 30,9 7 30,8 8 26,2 1
uTs , El. 24T/1n 31,5 8 30.4 | 8 25,3 1
T/in% % |
23,5 8 Un- 30 .8 Vi 30.5 | 8 29.6 | 5
32,3 8 stressed 31.2 7 0.2 8 29,0 4
Extrusion
~ Low 1% P.SJ 23,5 |12 22,5 |12 24,7% | 3
Manganese | 24T/in2 | 28,0% | 5 29,1% | & 22,9 |12
Controls
UTS . Un- | 22.9_ |10 28,3% | 5 22,7 |10
T/1n2 % stressed 28,6% | 8 27.0% | 8 27.6% | 5
23,7 11
25.,6_ 10
29,9% 8
Cont'Geeve

é

[ R S A



TABLE 8 (CONT!

Material

Nominal
Stress

T/in

-5 o8

R

i

T/in

-
[

Normal
Manganese

Controls
UTS El,
T/in2 %

33.5 8
32.3 8

‘.l%'P.S.

24T/in

Un-
st ressed

31,6
32,0

5
7

29,5
o7

(o W&

3l.4
31,6

30,1
20,4

NN

(o Ne 3

28,3
28.7

29,7
R9.3

G i (N Eﬂsfg

# Note (Table 8).

types.

relatively amall grain size.
recrystallized and generally large grained,

% See Notes and Teble 8A,

The scatter of results both in the control
specimens and in the corroded specimens has been found to
be due to marked differences in the microstructure of the
specimens which can be broadly divided into two distinct
The one type of specimen
been found not to have recrystallized and to possess a

indicated by =% has

The remaining specimens are
In corroded

specimens marked x the attack is of the sub-grain type
and the other large grained specimens show no sub-grain

attack.,.

The mechanical test figurss were checked on

additional specimens cut from the ends of original stressed
specimens, one end of the test piece being just outside
the zone of uniform stress.
the unstressed specimens,
microscopic éxamination are given in Table 84,
differences in microstructure and properties are presumably
due to differsnces in degree of working in extrusion on
material in different positions of the original 2" diameter
extruded bar from which these specimens were cut,

No material was evailable from

The results together with

These




TABLE 84.

Original Check test
! ‘ Tengile Test | from offeut
b Specimen U.TeS. e | U.T.S, JJ Micro-examination
' tons/1nd tons/in? %
i ! !
- Stressed a Recrystallized large grain
: F4 tons/1in® 0,1% 23.5 12 23,6 12 | no sub-grain attack, A.
roof Stress and
loorroded 3 months | 28,0 5 30.3 7 | Small grain sub-grain
( b attack., Be
8 above but
: corroded for 6 22.5 12 23,0 12 | As A,
i months
é | 29.1 6 29,5 7] As B,
IAs above but
corroded for 12 24,7 3 26,2 4| As B,
‘ months
22.9 12 2202 12 As Ao
Unstressed 22.9 10 - - As A,
corroded 3 months )
28,6 8 - Intermediate between A & Bl
Unstressed 2843 5 - As B,
corroded 6 months | '
() 27.0 8 - Intermediate between A & B.
nstressed 22,7 10 As A,
corroded 12 months
2706 5 As B,

k

e 0 e e
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TARE 9.

MICROSCOFICAL EXAMINATION
W _MANGANE

OF LOW MANGANESE AND

e o 3 2

o

5 ¥ HI5 SHEAT AND EXTRISION SPECTMENS
"*r “EYTE T (SHBLFIEID).
Material | Stress 3 6 12
‘ Months Months Months
Shest - Design | Slight pitting General shallow l.c, with
general i.c, i.c. pitting, longitudinal
M.D.,° ,008" M.D., .OO8" tendency on
: compression
Low 1% | General i.c. General shallow side but
Manganesd P.S. M.D. .OlO" i.0. pitting;. penetrating
M.D. 010 inwards on
tension sides
M.D.Design .02&"
M.D. 1% P.Se 403"
Un- Rather iso- General shallow General i.c,
ssressed lated 1.0, "i.c., pitting. M.D. .013"
slight pitting. { M.D. .Ol0O"
M.D. ,O10"
Design | Slight general General shallow i.c. with long
and | pitting, and l1.c. pitting, itudinal
o1% P.S.| isolated i.c, tendency on
'M.D.Design ,004" | M.,D.Design .004"1 compression
Normal M.D. .1%P.8,004" | M,D. ,1% P.S.006 side but
 Manganese penetrating
‘ inwards on
tension side,
% .D.Desgign ,015"
‘ D «1%P.8 020"
Un=- ' General slight General shallow General
stressed pitting and 1.0, pitting. shallow
- slight 1.0, M.D. 007" pitting and
M.D. 005" longitudinal
i.ce
M.D. 014"
Cont'deees

o s

JR o

PP AL SR

S e e et - Stk B s =1
¢

-
«



TABLE 9 (GONT'D).

Meterial | Stress K] 6 12
' Months Months Months
Extrusion |
1% isolated General General N
P.S. 1,c.% roughening ' sub-grain 1.0
M.D.0,005" of surface M.D. 013"
isolated
Low 1eCo
Manganese M.D. 0,004"
Un~ negligible General Severe l.c,
stregsed | attack. shallow attack and general J
isolated 1.,c. sub-grain i.c
M . D‘o‘ [} OO 5" With long.
tendency.
- M.D. 026"
1% General General . Sub-grain i.c.
P,.S. pitting & shallow attack penetrating
Normal sub-grain 1solated i.c. on tension
Manganese i.c, - MJD. 004" side.
M.D. 001" M.D. 013"
Un~ General General shallow | Slight
stressed shallow attack, iso- ~ general sub-
pitting lated i.c, grain i,0.
sub-grain M.D. .,004" with long.
1.ce ~ tendenocy.
- M.D. 005" - M.D. .0O8"

% l.0, = intercrystalline corrosion.

0 M.,D. = maximum depth.

'3
4
> " 4
/
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TABLE 190,

SFFECT OF REMOVAL OI' CORROSION PRODUCT

ON CORROSION OI' Hit 15,
Removal 2 Months 7 Months
of
corrosion Visual Miecro Visual Micro
( product,
Vertical | Uniform attack | 8light general| General attack | @eneral pitt+
No foliation, foliation, severe 1solat- { ing end
- ed foliation, | foliation.
daily M.D, 005" M. De o 005"
Horizontal | Foliation on General attack.
inside web " 3evere folla- u
tion inside
daily M.D, 005" channel, M. De 005"
Vertical | Possible folia-4 General General attack,| General
twice ~tion on inside | foliation to severe folliat- | foliation,.
weekly web. + 004" one ion inside web.
pit
le_LD. . 008" ) Ni. Do ° 00 "
C'Horizontal General General attack | General
~ twice " foliation. severe foliat- | foliation.
weekly ion inside
M.D. 005" channel, M.D. 010"
.| Vertical Uniform attack| 5light general| Genoral attack.| General pittﬁ
weekly. - no foliation, folistion. Le88 severe ing and
foliation, foliation,
M.D. 005" M, D, 007"
Horizontal]| Foliation on General attack.| General
woekly, inside web " Severe follat- | pitting and
‘ and flanges, lon inside - foliation,.
i ' M’ D! o OQQ" chaanL. M. D, ° 0045"

“M.D. = Maximum Depth.

e

"J*W—v -



TASLE 10 (CONT'D),

...Ars
Removal 2 Months 7 Montha, ‘
of
corrosion Visual Miero Visual Micro
product.,
(Vertical Possibls Slight general |General attack, |General pitt-
( i'bi=- foliation on |foliation, severe foliast- |ing and
1 weekly web., % ion on web, foliation.
J_{E. DJ_ 000 i ! Mo -D_L 0006 Y |
Horizontal| Uniform attack, General attack, |General pitt-
bi- No foliation., ! " severe foliat- |ing and
weekly. ion inside ' foliation,
| M.De 007" ichannel, M, D, , 006"
Horizontal 3light general |General attack |{General pitt-
. No foliation. with slight ing and
removal. foliation., foliation,
M. D. 004" M.D, +0OCHH
Horizontal 31ight general !General attack,|General
' no ‘ foliation ,003" severe foliat-| foliation
- removal, 'locally to ion outside + 005", Local
«013" | web, foliation
N i .009"

(7

R ). D.

= Maximum depth.

b e o b B Al s
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TABLE 14,

LOSS IN WEICHT OF HE 10 AND HE 15 SPECIMENS

AFTER 3, ©

A¥ and_12 MONTHS' EXPOSURE IN THE 802
BEAKER TEST WITH VARIQUS ADDITIONS OF HCl,

—— A Pr—— e, Y

- —— deen

HE 10 IE 15
Loss in wWelight Loss in‘Weight

HC1 3 6 12 HCl 3 6 12
addition, months | months| months | sddition | months |months [months
0438 | ,0423| 4189 .6014% 2709 | .53L8
6 ml 0656 LOLyo!  .294 | 6 ml .2811 | 6022 | 1058
9 ml o425| .0552]  .290 | 9 m1 02128 | L1198 | .3938
0307 .0697| .23 | L2469 | L4407 | 7158

xSPecimen dipped into solution,

AUnreliable due to type of attack,

v s gy« S
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TABLE 12.

s E e e A it ot

L. TENSILE TESTS ON LE 10 AND LE15 SPECIMENS AFTER
—6L-T-and 7 NTHS' GXPOJURE IN 802 BEAKER TES3
. WITH VARIOUS ADDITION3 OF HCZLs
L0 HE_10 HE 15
6 [
| HC1 3 | 6 12 3 6
addition, months ' months| months months months
f ’ | ‘
i 3 mls 18.7(11 [18.6]12] 18.2]17] 26.8 Z 27,81 5
18,7112 [18.7[13) 17.9({15| 28.5 2941 9 .
) | ‘ ‘
L 6 mls 184111 [17.9] 11 1‘62).1 12| 27.2| 6 | 23,41 2 |
*' 9 mls 1846 |1k |18.7| 15| 16,9]14| 27.8| 6

[ SRR e e TN

RSN




TABLE 15,

MICROEXAMINATION Qi . 10 _AND UG5,

SPECTIMENS AFTER 5,

6 and 12 MONTHb' EXPOSURE TO THE 505

T BBAKER TLST WITH VARLOUS ADDITLONS OF HGL.

HCl | _lilcroexamination,

Additions, 3 months 0 months 12 months,

3 mls Slight 1.c. X% Slight general
i.¢, ~ rounded
pits,

— I‘-’Ig D. ) 002" IVI. D. [ 01 "

6 mls Very slight 3light i.c. Slight general
l,cs and i.c, sone pitt-
pltting,. ing.

MeDe 0024 M.D. .OO4" Mo 0420
9 mls 8light i.c. 3light i,c, and Slight general
and pitting, i.c, pitting. i,cy -~ rounded
pitSo
M.D. 400 " MeDo o011 ____ | . M.D. 014" _
'(;\15_.

3 mls General folia-~{Slight general general severe
tion, folistion, foliation,
Mopg LO11" M.D, .011% Mo Dy n%o"

6 mls General folia~-jGeneral foliation. General end
tion, severe

i foliation,
Mo Dy 0247 | Mo Ds , OQ9" M. D, 015"
!
9 mle General folia- General foliation, General foliation
tion, , with rounded pits
| and isolated severa
] subgrain attack,.
M Mo DQ 0021 " ' Mn D., > .011" _M___.qu"

Xj,c, Intererystalline corrosion.
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GRFECT OF HEA

1-—-—

AT TREATMLENT ON LOW Mn(A) AND NORMAL Mn(B)

“HE 15T D I8C_SPnDibio,

RlinULto_OF VISUAL

XA, I INATLON AT

b-t‘- 19 .5 and 6 l\vld'ﬂ?l’ig‘ &}QJOS@ TO

3¢ NaCl uPlAY.

B X e A

Alloy S. H.T Age~
500 Cp ing 1 month . 3 ronths 6 nonthas.
170%¢, '
Hes jHrge | __+ -
1 L General attack, General attack ! Isolated large
! Isolated deep Isolated deep | pits
pits,. pita,
1 2l ~d0~ ~do- ' Isolated nits
168 ~G O~ General atteck | General attack
L 4 Isolated pits Gencral attack., Slight CGeneral
Isolated pits, | pits
A L |24 - 8light Gensral Zeneral attack., General attack
- pits.
L 168 ~30- General attack, 3light general
Isolated pite. | pits,
2l L Isolated pita General asttack -Q0=
isolated pits
24 |24 Siight General General attack! General attack
its, .
2, |168 - General attack General attack; Isolated atack,
Isolated large
pits. _ .
1 4 isolated deep General sttack. Genersl pits
- pits, Isolated pits., | Isolated deep
P ita.
1 |168 Slight pits ~do- 3light general
deep pitsa,

e ety e RN S St S 4

e s s
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TABLE 14. CONT'D,
Alloy| 8.H,T Ageing
- 5009¢| 170°C, 1 month 3 months 6 months
Hrs Hrs,
L 4 Isolated deep “eneral attack, 3light gensral
pits. Igolated pits., deep pits,
) =
L 2l -d0o~ -3~ -d0-
L |168 ~do- S51ight general $1ight yeneral
B attack, Isolated| pits.
pits.
2l L ~do- -do- 3light general
deep pits.
2L 2l Isolated attack, -30= 3light pits.
2 | 168 ~do- General attack. -do-

igsolated pits.

—2—

>




— TASLE 15,

BIEECT OF HEAT TILIATHMENT ON LOY i.n(A)

AND NORMAL kin(b) Ho 1
RESULLTS O VISUAL WXAMINATION AFTER
‘—‘-r-‘—”—w

1:? AND 6 MONTHS

% NaCl SPRAY,

KXPOSURE TO

500" SPLC LIENS,

SR S

' )
Alloy! §.H. Mageing |
( '50000 170°¢, 1 month 3 months 6 months
L L Isolated pits. Isclated severe | S1ight general
pits,. desp pits,
L 24 | 8light general -0~ ~d0~-
pits. ]
L 168 -0~ General severe ~d.0-
\ A lsolated large
' pits,
24 L | Isolated deep | General attack, -do~-
pits, severe locally.
2y 2L | Isolated -do~ General attack.
: . | pitting, _
' (* 2l 168 | 8light general | General attack. ~do-
attack, Isolated desp .
_‘pitS. —
L L, | Isolated deep ~do- Isolated severe
pits, pits,
L 24 | 81ight general ~do=- ~-do=-
attack.
L 168 | General attack. ~do- ~do~

-l=




TABLE 15 (CONT'D).

Alloy 8.H,T.|Ageing |
500°¢. | 170°C. 1 month 3 months 6 months
Hrs | lrs
24 L Slight general Isolated uLarye Isolated severe
attack, _rits. Lpits. o _ |
B 2y 2L ~do- lsolated pits teneral shallow
- g— —— —— atta_g_&,‘..— PORpRST— {
24 168 ~do~ Genersl attack. ~do-
—— Isolated pits,
-2
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TABLE 16.

EFFECT OF HEAT TRSATMENT ON LOW Mn(A) AND
036"

NORﬁzL MniB‘ HS1 . 036" SPECIMENS. RBESULTS
OF VISUAL EXAIIIITATION ARPTER 1,3 AND 6 uONTHS'
EXPOSURE _TO 3% NaCl SPRAY.
Alloy S.Hp Azeing | !
500 1709¢C, 1 month 3 months 6 monthsa
{ Hrs Hra, ' -
L L isolated deep pits.] Isolated pits, |[Isolated large
—a—— Jr.....__ s . e its. —-—
| L 24 s3light general General 51light general
| attack, attack. lerge pits.
f Lsolsted pits,
i
LA N 168 General attack -d0~ -do~
2l L isolated deep pits. ~do- Specimen dis-
integrating.
2L 168 General attack. Jsneral General pits
‘  attack. Isol-
sted deep pits| _
L 4 Isolated deep pits.| Isolated General large
' gevere pits. its,
L 2L Slight general General -do~
- attack. attack., Isol-
- ated severe
pits,
B L 168 General attack. General attack. ~do-
Isolated severs
Eit‘SQ
24 4 | Isolsted deep pits. ~do- -do~
2l 24 Isolated pits ' teneral attack, General attack.
2 | 168 Genersl attack. ~do~ ~-do~
Isolated deep pits.! |8

4
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EIMPECT O HEAT TuEATMLNT ON ]
HE15

Ln(B

TABLE 17.

oA DLSC SPECTLENS,

LOW 2n(A) AND NORMAL
R JULTS Ox FICRO=

X INAT LON_APTER 1, 3 AND 6 [ONTHS' BXPOSURE TO

%, NaGl SPRAY.

A i Alloy

e — e - a0

-

-

! 3.1, T, Ageang

, i 5009C. | 170°C, 1 month 3 wonths 6 months
o Hrs, | Iirg. 1
! 1 L 3light genersl (General pitting | General pitting
§ layer sttack. asgociated with | associated with
i layer attack. layer attack, ‘
g - 8light i.c® and
E . subgrain attack.
S . D, 037" B, Do ¥ i Dy

: § 1 2L 31ight layer -do- -do-

; { attack, - Less layer than|
f | above but more
g subgrain attack. .
i MeDs __o013" _ MeDe_ _4035" | _ M.D, .024" |-

2 1 1168 General i,c, -do- | ~d0~

L and layer attacli, |less than above.| less layer than

A 1 x5 above.
! . A e Do o046" Me Do M.D, ,014%

{
: L L General i.c. General pitting | Samd us 1.4
: isolated i.c. aasociated with { abovo.
f Associated with [leyer attack.
layer sttack,

L M,D. 009" M, D, ¥* M, D, ¥4

' uo| 24 -do- -do- -d -

! but less than | but slightly
b MeDs »0O15" above., M.D.*#® | less pitting.

S M.D., __o0OLO!

R L | 168 -do- ~d0- Isolated pits.
but less than associated with
above, layer attack.

Slight i.c. end
. subgrain attack.
- M, D,__ 010" M, D, 029" MeDe 026"
¥
TLINEN - -
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TAB CONT'D).
‘ ? —- oy
 Alloy|S.H,T.| Ageing|
500°C.| 170°C. 1 month 3 months 6 months
Hrs Ilrs,
Isclated layer General layer |(Genera ayer
2l L lated 1 11 11
attack, attack, attack, 3light
i.c. and sub-
grain attack,
M,D, 021" 11, D, If, D, ¥%
2l 24 ~-3do- ~do- | ~do~
A leas gensral less general
than above, than above.
MeD. 015" Me D, _4Q21" M. D, .022"
2L | 168 ~do- -do- ~do-
slizhtly less
X% - than abova,
Mo Dc [ 008" I‘I{. DI M_. D. . 02}4 i
1 L 81izht goneral S1light layer S1izht general
pitting and | attack. pitting assoc~
: layer asttack. | lated with layer
! ! attack and sub-
: ! grain attack,
ﬁ;— !I. D. (1 028“ A‘L I‘d. D’ L] 02 " M. D. [J 32"
. 1
1. 24 ~-do- ! Isolated layer ~do-
’ ' and pitting, ong
' deep lar§§ pit,
Me Do 013" | M, D, * M, Do+ 0261
B 1 168 ~do=- Slight general ~-do~-
! layer attack, ‘
’ M, D, ,010" l M,Ds 026" Me Do 026"
L ‘ i -d0- 3light general ~do~-
‘ layer attack,
I gome pitting.,
! M. D. ,OLO" M, D, X% Me D, 021"
L o2y ~do- -do- ~do-
{ but less than | M.D. 021"
| above, ” one large x
1 LMD, .005" M, D, * pit. M.D, ¥

D

‘‘‘‘‘




TABLE 17, (CONT'D).

- T
Alloy S.HbT. Ageing
500%C.| 1700C, | 1 month 3 months 6 months
Hrs. Irs.
L 168 Isolated pitting Slight pittingad 81light general
- and layer attack, layer attack. pitting asso-
clated with ‘
layer and sube-
grain attack,
1\110 D. [ 009" Mj Do L] 011i| MR-@.’. (] 021-4} "
2L 4 S3light genearal  Ceneral pitting ~dc-
attack. MeD. o002"| and layer but more
~ lsolated pitting | attack. general than
B and layer attack. above.
M. D, ,012" M, D.__. 016" M. D._ o+ 027"
2L 24 ~-do=- Slicht pitting ~do-
and layer
attack-some
sub-grain
attacke.
I\{_._Qo [] OO it Mo Do 0008 " I\io Do (] 01 6"
2L 168 -do= -do=- ~d.0-
but less genersl but less

than above,

Mo Do, 007"

M. D, 008"

general than
above,
DII. D. » 021 "

¥ TIntercrystalline corrosion,

¥ corrosion attack penetrates half way or more
through specimen,



AFTHER 1, j and s MONTHb EXPOSURE,

-

EH

Alloy} S, H. T, Ageing
50000, | 170°C.| 1 month % months 6 months
Hre. Hra,
L I Igolated i.c,® | 5light i.c., pits| General i.c.pits
pits. i
M, Do 008" Mo Do _0019" i
i 24 S8light general | General i,c. -do~
i.c, _LJitSo .
Mz Db [ 005 1 NI. Dl [y 013" *x
L 168 | 3light i.c. ~do~- ~do-
A pits,
__M,D. 009" Mo D, . O17Y M.D. 049"
2l L 3light general | S8light general ~-do-
l.c. i.ce pits, %
M, D, _«015 M, D.__, 022" ¥
24 24 3light i.c. General pits to -do=-
004", Isolated
i,c,
M .Oouh" M'—D:. 0011 " L’I. D. 0020”
2L 168 Very slight i,cd 3light i.c, ~-do=
- I‘li. D. [y 005" MLD. [] 009 " _Ll. D. [ 01 1 "
L L4 Very slight i,c. General i,c. Slight general
pits, slight Slight longitud-| i,c, slight
longitudinal inal tendency. longitudinal
tendency. tendency
B M, D, 004" M, D, 024" M. D, ,016!
L 24 | 8light general ~30~ -d0o=-
i.c, pits.
3light longit~
udinal tendency.
___MeD, ,009" | _M.D, .022" M.D. .016"
.
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Alloy!|38.H. T, |Ageing
. 50000, | 170°C. 1 month % months 6 montha
‘ Hrs, Hrs, . !
P L 168 Very slight i.c. | General 1i.c. :Slight geuneral
{ 8iight longitud-|i.c. slight
inal tendency. longitudinal
tendency.
( ) IVI. Do 0010" M' l). .013”
24 L, |very slizht i.,c. | Isolated i.c. General i,c,
3light longitud-
B inal tendency.
I‘Fi- :Dc .OO " Mo D- OQ,B_LL“ I’ti_gipj_ 0021 o
2l 24 |very slight i.c. | General i.c. Slight i.c.
. 8light longitud-|3light longit-
‘ inal tendency. udinal tendency.
‘ M, D, 006 M.D. +005"
- 2l 168 |General i, c. ~do~ -do~-
f S3light longitud-~
4 inal tendency.
1 ! i 11,D. 003" M.D. 005" M.D, 010
Vo
¢ ® Intercrystalline corrosion.
N ¥# Ccorrosion attack penetrates half way
or more through specimen.
!
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EFFECT OF HEAT TREATMENT ON LOW Mn
036" _JPEC IMENS,

_AND NORMAL Mn(B
RESULTS OF MICROEXAMINATION

AZTER 1 AND 6 MONTHS' EAPOSURE.
Alloy|S.H,T. |Ageing
50000.| 1709cC, 1 month 3 months 6 months,
Hrs, Hra,

L L Negligible attack.| Isolated i,c.®severe 1.c. pits,
‘apeciuen almost
disintegrated.

i, D, ®&%
L 2l Ceneral i.c, pits,|General 1l.c. ~-do~
pits,
A Me Do Q0B l,D, 016" B
L 168 Slight pits. ~3.0- ~do-
:l'\ilo Do 0010" J_Iro Dc .01‘6"
2L L Isolated i,c. " Isolated i.c. ~-do=~
Lio Do 0016 W m
2 168 Slight general General i,c, General i,c,
10‘00 Pitao
M! D' 0 005" _hi. D. 001 2" !‘:‘1. Do [ 01 1 "
4 L 31light general Slight genersl|General i.c,
i.c. 1,c. pits.
M.D., 010" M. D, 022" #H
B L i) General i,c. Slight general|Slight general
io CQ 10 Co
aMLé.D' . 01_,3" NL!_.D. 0022" I':"Io Do . 01 2" —
L 168 Slight i,.c. ~d0- Isolated {i.c.
' specilmen
disintegrating.
M‘g D! L 005" _._M_‘Q. 0 L016" ‘
-1

!
ol i e A O i T
N »
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TABLE 'D).
Alloy|S.H.T.| Ageing
5009C.{ 170°C. 1 monuh 3 months 6 months,
Hra, lra,
24 L Generel i.c, General i,c. pits.]General i.c,
pits.
M,D., .016" ¥k K
B
2L 2 Negligible Jlight genersal Ceneral i.c,
attack. pits. pits, longit-
udinal
tendency.
MoDo .OO " M.D!A 0008"
2l 168 Isoleted i.c, General i,c, pits, ~d0~
_M.D. 005" _M.D, ,006" M. Do, 008"
* Intercrystalline corrosion.
06

or more.,

5w

Maximum Depth half way throuzh speciluen




PSR

> .

{e

L3

n

TABLE 20
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STRESS CORROSION THSTS IN DIRECT TENSION ON H1H SHEET
AND EXTRUDED (STRESSED TRANSVLRSE TO LATRUSION DIRECTION)
Material Streassed and Corroded Ungtrsgsed Corroded
— ‘ gpecimens.
UTsS Elong. Stress |Time to failure| U.T.S. Elong.
tong/in2 ~ % tong/in2 days. tons/in? 4
Sheet 2l 2 28,2 5
Controls 24 3 28,1 6
20 3 28.4 8
20 2-~7 25.8 L
30.1. 10 16 3"5 28.9 12.5
30.4 8 16 13 27.8 8
12 10
11 Started
10 132 Started.
10 96
8 206
8 96
6 Started
Extrusion 24 L 27.8 3
Controls 24 3 28.1 3.5
20 L 26.5 3
20 5 27.0 3
16 7 27.7 3
28,2 L 16 7 26.4 2
8 9
7 Started
6 108 Started.
6 Started
L Started
R r oy e e



P,

TABLE 21,

~ STRESS COJROSION T1STS ON COATED SHLHT SPiCIMENS

STRESSED IN CANTILEVER TYPW OI' JIG.

Type and Thickness Stress Days to
of Coating. tons/sq.in. failure.
Sprayed commercial
purity aluminium (99.77%) 24 3265 not broken
.002" (nominal) 18 o476 v "
Sprayed Aluminium/19
zinc. 24 ) 265 not broken
.002" (nominal) 18 >Lu76 @ "
Sprayed 2Zinc. 24 265
.002" (nominal) 18 ' )354 not broken
18 129
15 132
15 )>290 not broken
Metallic zinc paint - 24 131
two brush coats. 18 71
18 L1
15 108
15 61
Controls 24 L
shot blasted surface. 24 11
18 1L
15 24
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SREPARATION OF SPECIAL BILLEYS
OF NORIIAL AND LO./ MANGANLSE CONTENT .

Cast billets were made in two alloys of almost
identical chemical compositions apart from manganese content.
The full chemical compositions were as follows:-

cu Mg Si Fe Mn Ni zn Pb Sn Ti

Low
Mangenege 4,08 0.54 0,87 0,32 0,08 0.03 0.02 0,02 0.02 (.02

Normal
Manganege 4.00 0.53 0,93 0,32 0.76 <.02 0.03 0,02 0.03¢0.02

The tillets were approximately 63" diameter,
x 12" long. One billet in each alloy was cut in half, one
half being rolled into shewet and the other half being
extruded to 2" dlameter bar. The half billets that were
rolled to sheet were first of all skimmed to 6" diameter
x 6" long, forged to 2% - 2.5/8" thick, 5-6" wide with
the major axis parallel to that of the original billet.
At the start of the forging the temperasture of the billets
was 4300C., and at the finish, 380-3950C, The original
bars were upset to epproximately 3" in height without
spreading. They were cubed and then drawn out on the
original axis. The slabs were then rolled to sheet.
Hot rolling was carried out at 4809C. in four stages with
approximately 40% reduction in thickness at each stage
down to the thickness required, i.e., 2%, 1", 05" and
«036" thick. After rolling, all the strips were annealed
at 3600C, for one hour and were then cooled slowly in the
furnace over-night. Sampleg from these sheets were stored

in this condition and were solution heat treated at 505 + 50C,,

quenched in cold water and aged for 8 hours at 170 - 1750C.

There was some variation in properties of the
material in different forms, but the average properties
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obtained on test pieces of the same form as those used

for oorrosion testing were as follows: -

Average mechanical properties.

U.T.S. Elong.
tong/in2 Z

2" Bxtruded bar (substondard test

pieces)

Low manganese. Longitudinal, 25.1
Transverse. 26,1
Normal manganese. Longitudinal, 7248
Trengverase. 28.3

0,2" gheet.
Low manganese., Longitudinal. 27.8
Trangversge. 27.2
Normal manganese. Longitudinal, 29.4
Transverse. 29.4

Q.1" sheet.
Low manganese. 28,7
Normal mengenese, 30,2

0.05" E_heet .
Low manganese. 28.3
Normal menganese. 30.0

ol" sheet rolled from 2" extruded bar.,

Low manganese. 29.9
Normal manganese. 32.5

O £

12
10

12
11
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APPENDIX II.

COMPOSITION CF MELTS OF HE,10
CONTAINING VARIOUS AMOUNIS OF COPEER.

Melt
No.

Cu

- Mg

si

in

Ni

n

Sn

T1

aa 172
GG 176

- AG 92(B)

GG 185
AG 92(E)
(a)

(1) |

(7)

«.01
0.022
0.030
0.088
0.160
0.21
0.32
0.47

0.72
0.72
0.67
‘0.68
0.62
0.66
0,65
10,60

11.05
1.06
0.97

1.03

0.96‘

0.95
0.9
0.95

0.31
0.34
0.31
0.31
0.31
0.31
0.31
0.31

c.0lL
0.03 1

<02
{.02

c.0l
c. 0L
c.0L
c.03

.02
£.02
(.02

(.02
(+02
{02
(.02
(+02

.02
(.02
c.02

| (02
0,02

c.02
c.02
6.02

(.02
(.02
.02
(.02
(+02
€02
.02

£-02

(.02
(o 02
(02

(02
(-02
§+02

| (02
(.02

(.02
(02
<02
(-02
.02
(02

(02

(-02
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